Synopsis Probabilities and total cross sections for ionization in p-He collisions are calculated in a time-dependent density functional theory approach. The Kohn-Sham potential consists of the exact Hartree and exchange potentials and an approximation for the correlation potential that was proposed in the context of laser-induced double ionization. Furthermore, three approaches to calculate the probabilities of interest from the density are investigated. Results are compared with former calculations and with experimental data.
In time-dependent density functional theory (TDDFT) a system of interacting particles with the HamiltonianĤ(t) =T +Ŵ +V (t) and the initial state |Ψ 0 is represented by a noninteracting system with the so-called Kohn-Sham (KS) HamiltonianĤ KS (t) =T +V KS (t) and an initial state |Φ 0 , which is a Slater determinant. While |Ψ = |Φ , both states yield the same oneparticle density. Since the Runge-Gross theorem [1] states that all observables are determined by the density for a given interaction operatorŴ , the solution of the KS equations is in principle sufficient to describe the dynamics of the interacting system. However, there is no known exact formula forV KS and most observables of interest. Hence, approximations are unavoidable in practical calculations.
The KS potential can be written in the form
with Hartree, exchange, and correlation potentials. The Hartree potential is known, andV x = −1/2V H for the present case in which |Φ 0 is the KS ground state of para helium. The correlation potential is unknown and has to be approximated. The so-called x-only approximation (V c = 0) was studied for p-He collisions by Keim et al. [2] . We here use an approximation proposed by Lein and Kümmel (LK) in the context of double ionization by laser light [3] . It involves a sudden switching inV c to mimic a derivative discontinuity when the average ionization becomes larger than one. Regarding observables our main interest is in probabilities p q+ and cross sections σ q+ for qfold ionization. No exact formulae are known for these. We study different approximations including binomial statistics (i.e. considering Φ as the true state of the system) and an adiabatic model suggested by Wilken and Bauer [4] .
We find that the approximations both for the KS potential and for the probabilities can influence the results significantly. Figure 1 shows as an example impact-parameter-weighted probabilities for single ionization at two different impact energies obtained from the x-only and LK KS potentials. The error bars denote the bounds of all reasonable models for the calculation of the single-ionization probability from the density. Further results will be presented and compared with experimental data and previous calculations at the conference.
